///{ : NASA TT F-10,441
/ GPO PRICE $ ]

/ CFST! PRICE(S) $
Hard copy (HC) . D
Microfiche (MF) b5
ff 653 July 65

A STUDY OF THE RADIAL-AXTAL~-FLOW TURBINE WITH LOW BLADE HEIGHTS
AND LARGE CLEARANCES

L. N. Odivanov, A. P. Tunakov

Translation of '"Issledovaniye radial'mo-osevoy turbiny s malymi
vysotami lopatok i s bol'shimi zazorami."
Aviatsionnaya Tekhnika, No. 1, pp. 133-144, 1964.

NASA TT F-10, 441

N67 15558
(Acc:s::{r«?;hf “:OD/E)
0=

(NASA CR OR TMX OR AD NUMBER) {CATEGORY)

FACILITY FORM 602

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON D.C, ' : DECEMBER 1966 .



NASA TT F-10,441

A STUDY OF THE RADIAL~AXTAL-FLOW TURBINE WITH LOW BLADE HEIGHTS
AND LARGE CLEARANCES

L. N. Odivanov, A. P. Tunakov

ABSTRACT

The radial-axial-flow turbine with blades of varying
heights is tested. It is found that efficiency rises up
to a certain blade height (El = 0.075) and efficiency de-
creases slightly with a further increase in blade height.

In recent years a considerable number of studies have appeared /133%
on the effect of different factors on the operation of radial-axial-flow
(centripetal) turbines, but their findings are rather incomplete, and in some
cases even contradictory. The results of the studies often depend sub-
stantially on the nature of the experimental turbine.

In constructing our experimental turbine, the basis used was the turbine
from the previously studied TKR-14 turbocompressor (Ref. 5). Its actual
efficiency during tests in air did not exceed 0.65. To raise its efficiency,
our previous work recommended the following:

(1) Increasing the over-all diametrical dimensions of the collection
chamber;

(2) Displacing the baffle between the two halves of the nozzle box
in the direction of rotation;

(3) Eliminating stagnant wakes in the collection chamber;

(4) Using modern aerodynamic shapes for the nozzle blades which have
low sensitivity to a change in angle of attack;

(5) Decreasing the angle of attack at rotor-wheel inlet; this may be
done by decreasing angle o; and at the same time raising the height of the
nozzle blades to keep turbine discharge capacity unchanged;

(6) Reducing degree of reaction by enlarging rotor discharge area;

(7) Installing a shaped shield (coque) to eliminate sudden expansion
at exit from the rotor wheel;

* Numbers in the margin indicate pagination in the original foreign text.



(8) Increasing exit angle ay of flow from the turbine and making
the outlet closer to an axial one, particularly in the peripheral part;

(9) Improving deburring of the rotor wheels after casting, particularly
around the exit edges;

(10) Enlarging radial clearance between the nozzle box and the rotor
wheel;

(11) 1Installing thermal insulation between the turbine and bearing body
to decrease heat losses to the water coolant; and

(12) Using a shaped end wall in the nozzle box.

Conditioning the Turbine

Some of these recommendations were experimentally verified when oper-
ating the turbine in cold air with a pressure drop of p /p, ¥ 1.52. In /134
the first series of experiments, the effective torque deveioped by the
turbine was measured from deflection of the body of an electric brake with
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Figure 1

Diagram of Experimental Turbine

1 -~ Bearing; 2 - Flexible tube; 3 - Lever; 4 - 18-kw generator;

5 - Reducer; 6 - Floating collar; 7 - Support; 8 — Bearing; 9 - Re-
ceiver; 10 - Nozzle blade cascade; 11 - Air-pressure meter; 12 - Rotor
wheel; 13 - Exhaust duct; 14 - Stationary shielding; 15 -ypm pickup.



Figure 2

Diagram of Turbine Blading at Various Blade Heights

a reducing gear. Internal turbine torque was ascertained as the sum of the
effective torque and frictional moment in the bearings. The latter was found
by measuring frictional moment while specially cranking the shaft with a weight
instead of the turbine rotor wheel.

At low blade heights, tests of which we were to conduct later, the
turbine's internal power had to be appreciably reduced and had to be commen-
surable with friction force in the bearings; otherwise measuremental error
would have risen.

Therefore, the running part of the turbine was reconstructed for in-
directly measuring the internal moment.

A sketch of this version of the experimental turbine with the braking
apparatus is shown in Figure 1.

The sliding bearings of the turbine with their floating collars 6 are
mounted in the separate support 7, which may move back and forth slightly
relative to the axis of rotation on roller bearing 8. Thrust bearing 7 is
rigidly connected by means of reducer housing 5 to generator housing 4, the
rear section of which is mounted on roller bearing 1. The turbine bearing
support and the housings of reducer and generator may thus swing on two roller
bearings; this permitted measurement of the reactive torque on them, this tor-
que being equal to internal moment of the turbine. The pull from the torque
was measured on dial scales by means of lever 3.
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Characteristic of Turbine with Shaped End Wall in Nozzle Box

The table gives results of conditioning the turbine,

Number in| Alterations to a/t oy 1} n
order turbine (roughly) 1 e M 135
1 Original turbine 0.457 27.2 16.5 0.65 0.71
2 New nozzle box 0.278 15 16.5 0.72 0.79
3 Toroidal receiver
and shield 0.278 15 16.5 0.76 0.84
4 a/t reduced 0.257 13 16.5 - 0.813
5 Height of nozzle
blades reduced 0.257 13.5 10.5 - 0.83
6 Shaped nozzle box
wall 0.257 14.5 10.5 - 0.87




Figure 4

Dependence of Internal Efficiency of Turbine on u1/cad at
Different Blade Heights
@—FAlp=08 O—pin=
= 1,35, O — po/ ps=124).

The turbine of a TKR-14 turbo-compressor with a rotor wheel diameter of
d; = 140 mm with no alterations was used as the initial version (1).
Angle o; in the turbine with the new nozzle box (2) was appreciably reduced, so
that at the input to the rotor wheel, under peak efficiency conditions, there
were small positive angles of attack. Height of rotor wheel blades remained
unchanged. This led to a substantial decrease in degree of reaction and air
flow-rate through the turbine, and likewise enlarged angle o,. Figure 2 shows




the contour used for the nozzle blades. All the blades had the same entry
angle; therefore, half of them operated at large attack angles (up to 60°).

Nevertheless, this alteration increased internal efficiency of the turbine by
8%.

In the next turbine alteration (3), the collection chamber was re-
placed by a toroidal receiver of increased diameter. Instead of a shield, a
stationary cowling was installed at the rotor wheel discharge, making it pos-
sible to eliminate sudden expansion of the flow. These improvements raised
internal efficiency of the turbine by 5%.

It was decided to reduce angle o a bit more by changing the an- /136
gle at which the nozzle blades were set, but this proved to be a mistake
and led to an approximately 2.5% reduction in turbine efficiency. This angle
was subsequently again increased (in experiments with lower blade height and
shaped wall).

The next alteration of the turbine (5), reduced the height of nozzle
blades and moving blades, while retaining the ratio of the areas which were
normal to the flow at the rotor wheel input and output. Decreasing the blade
height resulted in reducing the curvature of the end wall, the mean diameter at
the output of the wheel, and in increasing the average 8, angle.

This raised turbine efficiency by 1.57%.

In the last alteration (6), the turbine wheel was left unchanged,
but one of the end walls in the nozzle box was replaced by a shaped wall in
conformity with the recommendations of MEI (Moscow Power-Engineering Institute)
(Ref. 2). 1Its contour is shown in Figure 2b. The findings of the Moscow Pow-
er-Engineering Institute indicate that the shaped wall reduces losses in the
nozzle box from 5.1% to 2.5%. The effect of the shaped wall is obviously not
restricted to this. It also must improve uniformity of flow at the input of
the rotor wheel, especially around the end walls, and, consequently, must re-
duce losses in the rotor wheel. Therefore, turbine efficiency must be raised
to a greater degree than simply reducing losses in the nozzle box. 1In our
turbine there was a 4% rise in efficiency.

Figure 3 gives the characteristics of a turbine with a shaped wall./137
For purposes of comparison, the broken lines denote the characteristics of
a flat-walled turbine with the same blade height. With a slight change in
pressure ratio, the efficiency and degree of reaction hardly varied. The shaped
wall resulted in a perceptible increase in delivered flow through the turbine,
which may be explained by an increase in angle a; and flow coefficient of the

nozzle box. The degree of reaction also increased slightly.

The result produced by conditioning the turbine was to succeed in raising
efficiency by 16% and bringing it to 87%, despite the small size of the turbine.
It should, however, be borne in mind that these results were obtained on an
experimental machine, whose receiver shape and exhaust duct are little suited



Figure 5

Diagrams of Turbine Losses /139
1 -z (2) = Tyiak

. ] output’
to practical use.

Investigating the Effect of Blade Height

Reduction of blade height in axial-flow turbines as a rule leads to
reduced efficiency. This is related to the increased percentage of tip losses
and leakage losses in turbine blade cascades. The literature which we are
acquainted with on radial-axial flow turbines contains very few papers on this
subject. We know of a paper (Ref. 1) which gives an approximate examination
of the effect of blade height on nozzle cascade efficiency in radial-flow tur-
bines. Zaryankin (Ref. 3) computes tip losses in nozzle blade cascades on
the basis of the dimension theory. The problem of the effect of blade height
in the rotor wheel on turbine operation has not been studied at all, nor are
there recommendations regarding the effect of blade height in the design of
radial-axial flow turbines.

Experimental work on the radial-axial-flow (centripetal) turbine has
been pursued to evaluate the effect of blade height on efficiency.

The tests were conducted at four blade heights. Relative blade height
(the ratio of the height of the annular channel at the rotor wheel input

to its diameter) il =-§l- was 0.118, 0.075, 0.050, and 0.0286. Blade height
1
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Figure 6

Turbine Characteristic as a Function of Blade Height
(1) - Coutput; 2) - Z4isk’ 3) - ul/cad

was reduced by trimming. Turbine blading at maximum blade height is shown

in Figure 2a by the solid lines. At the lower heights, the walls of the ex-
haust duct are rendered by the broken lines. The radial clearance between the
rotor wheel blades and the housing was approximately 0.5 mm in all tests.

The tests were made at three pressure ratios, pglpz, of 1.48, 1.35, and
1.24.

Figure 4 gives the relationships of turbine internal efficiency H, to
ul/cad at the different blade heights. Efficiency was practically independent
of pressure ratio at all four relative blade heights. The optimum u1/cad

ratio was 0.62-0.7. All curves had the appearance which is customary in radial-
axial-flow turbines.

Maximum efficiency in these tests varied from 0.83 to 0.71.

Figure 5 shows the dependence of loss distribution in the turbine at
the different blade heights on ullcad'

It follows from the graphs that the percentage of loss in the nozzle
boxes dropped as ul/cad rose; this was related to reduced heat transfer in the

nozzles because of the turbine's increased degree of reaction. As blade height



went down, the losses in the nozzle box went up because of the rise in
percentage of tip losses. The proportion of disk friction losses grew for
two reasons as blade height decreased. First, because of decreased air /138
flow through the turbine, and, secondly, because of enlarged friction sur-
face on the discharge wall.

As is evident from the graphs, the losses in the rotor wheel, taking
into account the losses through the radial clearance between.the rotor wheel
and the housing at all blade heights were minimum at u1/cad ~ 0.65-0.7.

Rotor wheel velocity coefficient ¢ was figured for relative blade height
2y = 0.075. The maximum rotor wheel velocity coefficient of 0.78 was obtained

at the positive attack angle i & 30°. This corroborates the previously known
fact (Ref. 7) that velocity coefficient Y usually reaches its maximum at
positive attack angles. Minimum losses in the wheel as blade height changed
were obtalned at El % 0.05, and comprised about 57 of the total heat drop. At

first glance, it seems that at great blade height the losses in the rotor

wheel should be the least, since -- as blade height rises -- the portion com-
prised by tip losses within the total losses grows smaller. The existence of
an optimum may be attributed to the opposite effect exerted on total rotor
wheel losses by tip losses, on the one hand, and by losses in flow deflection,
on the other hand (flow deflection occurs both in the meridian plane and in

the circumferential direction). Losses in flow deflection are known to de-
crease as smoothness of deflection increases, i.e., as the ratio of hydraulic
diameter to average deflection radius becomes smaller. Therefore, at low blade
heights the losses in flow deflection are reduced. _Total losses resulting from
this have a certain mimimum in the given case when 2y & 0.05.

Figure 6 shows how loss distribution, reaction degree p, and ratio of
delivered flow to relative blade height depend on relative blade height when

ul/cad = 0.65.
A i A , i GVTS
Ratio of delivered air flow to relative blade height, ___~ /140
p% %
0 1

decreases at low blade heights; the explanation for this is the increased
degree of reaction.

Effect of Radial Clearance on Turbine Efficiency

A number of studies have been devoted to the effect of the radial clear-
ance -- i.e., the clearance between the rotor wheel blades and the housing --
on the operation of the radial-axial-flow turbine.

The effect of the radial clearance was first studied in a paper by
A. Ye. Kovalevskaya (Ref. 4). The research was conducted on an air turbine by
a method of trimming the rotor blading. Input into the rotor wheel was non-
radial (B;g < 90°). The test results showed that varying the axial input clear-

ance within wide limits (without changing the radial discharge clearance) had
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Figure 8

Dependence of Turbine Efficiency on Average Relative Radial
Clearance

practically no effect on turbine efficiency. Simultaneous enlargement of
the whole radial clearance by 1% led to an efficiency drop of 1 to 1.5%.

Rozenberg et al. (Ref. 7) calculated the efficiency loss when increasing
the radial clearance by using the empirical formula

8
;= Ni(s=0) (1 - 137 > ’
av

where § is average radial clearance, and

2! -— average blade height.
av

Valdenazzi's article (Ref. 8) makes an attempt theoretically to deter-
mine losses in the radial clearance. A number of rough assumptions were made
when deriving the formula he proposes, For example, it was assumed that all
the energy of the fluid flowing through the radial clearance into the adjacent
channel is lost. The formula was not experimentally verified.

A certain contradiction in results indicates the effect of rotor wheel
design on degree of clearance losses.

11



Turbines with various radial clearances were tested in order to amass
experimental data. The clearance effect was examined at a relative blade
height of 2; = 0.075.

The radial clearance was changed by trimming the rotor wheel blading.
Tests were first carried out by changing the input radial clearance §; (Figure
7). The rotor wheel was trimmed in accordance with the same pattern used when
the wheel was fabricated to give the minimum clearance with the housing. Here
discharge radial clearance §, remained constant. Its relative value was

= §, = 0.03.
B = 2 3

The second group of tests was conducted with a constant maximum clear-
ance §; and with a variable clearance §,. Here the relative value §; = §;

2

was 0.39. Measurements showed that with the minimum clearances the pressure
distribution along the pitch of the nozzle box was customary on both sides
(i.e., there was a pressure minimum in the wake of the nozzle blade edge and
maximum in the center of the nozzle channel). As clearance became larger, /142
the nature of pressure distribution on the discharge wall changed: Pressure
became equalized because of vorticity in the clearance region. Average pres-
sure on both walls was practically the same.

The traverse nature of the flow at the turbine outlet showed that flow
outlet angle ay and delivered outlet velocity A, rose sharply in the region of
the clearance as the clearance grew larger. The explanation for this lies in
the fact that -- as the clearance gets larger -- the air on the periphery
delivers less of its energy to the rotor wheel blading.

Figure 7 shows the turbine characteristics at different radial clear-
ances. The dependence of maximum efficiency on variation in clearance §;
proved to be linear. A 33%,increase in relative clearance 51 resulted in a
relative efficiency drop, Ny , of 12,7%. Discharge~loss coefficient Edis

n.
rose from 0.045 to 0.07 (withlul/ca = 0.65). As the graph shows, there was
practically no change in discharge fosses at low values of u1/cad (around 0.4)
as the clearance increased.

As clearance §, grew larger, efficiency ng fell in a curvilinear de-
pendence. At the same time, the discharge losseés became greater. Therefore,
the curves showing the variation in internal efficiency n*i in the retarded

parameters proved to be more gently sloping than the same curves for ny

Dependence of internal efficiency on average relative clearance /143
§1 + & _
= EI_;TEE—- is shown in Figure 8. When ¢ £ 0,2, the data points give a

good approximation of a straight line. Exprapolation of this line to §=0
gives a nominal efficiency value of 0.876 when there is no clearance, i.e.,

12



ny (5 = 0) = 0.876., The de?gnﬁence of n; on § obeys the equation

n, = 0,876 --1,00%
or

;]- e 7)1/71“6-=0) = (l — 1,24 g)

The dependence of n on & is plotted in Figure 8. Here the broken line
indicates the analogous relationship according to Rozenberg (Ref. 6).

As the graph makes evident, the curves are identical in nature, but the
length of their rectilinear segment is different: Rozenberg's goes to § < 0.04;
our findings take this segment to § g 0.2.

The explanation for this incongruence in the results lies in the fact
that our turbine was more efficient. Obviously, as radial clearance grows
larger, turbine efficiency falls off to a certain minimum value, after which
there is no more change. There was in addition, of course, the effect exerted
by difference in turbine design.

Conclusions

Testing a radial-axial-flow turbine with blades of varying heights
demonstrated the fact that efficiency rises up to a certain limiting blade
height (in our turbine El = 0.075). Because of the increase in end wall curva-
ture, which causes increased losses in flow deflection, a slight drop in effi-
ciency may set in when blade height is further increased. The efficiency drop
at low blade heights_results fundamentally from increased disk losses and losses
in the nozzles. As %, fell from 0.118 to 0.0286, disk losses rose from 2 to
9%, and losses in the nozzle box from 2.2 to 5%. Losses in the rotor wheel are

minimum at 2, & 0.05.

Shaping the end wall of the nozzle of the nozzle box gave an efficiency
increment of 47%.

Improvement of the turbine blading thus raised efficiency from 0.71 to
0.87.

In radial-axial-flow turbines the losses due to the radial clearance be-
tween rotor wheel blading and the housing are 1-1.5% per each percent of in~
crease in relative clearance. This is substantially less than the same losses
in axial-flow turbines with unshrouded moving blades (1.4 to 2.87% of losses per
each percent of radial clearance). Increase in radial clearance leads to in-
creased discharge losses, but with low uj/c_, values there is a smaller in-
crease in discharge losses. As radial cleafénce increases, flow discontinuity
at rotor wheel discharge also increases. In designing a turbine with a large
radial clearance, the feasibility of increasing angle o, must be considered.

13
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HCCAEJLOBABME  PAJUAILITO-OCEROM TYPLUILE € MATHMH
BBLICOTAMI JORATOK U C BLOJABUHIMMH 3AZ0PAMH

JI. H. OTHRAHOB, A. Il. TYHAKOR

3a nocraeanne roaM RNOSBIAOCH 3NHAYUTEALHOC KOAMUCCTBU pabot
N0 HCCACAORANNIO BAHANHR padauuiix Gakropon Ha padOTV PaHAILNO-
ocesux (nenrpoctpemuteanunx) T1ypOun. Ho coaepwaniees B onnx
AARHHE SBAMIOTCA HEAOCTATOMHO MOAHKMH, @ B HEKOTOPLX C1y%anx
H OPOTHBOPCYHRHMH. Pe3yanTaTu paGoT 4acTo CYHICCTBCHIO 3aBHCAT
OT KAYCCTRA IKCNEPHMCHTAABNOR TYPOUNI.

3a ocHoBy npi €e co31auiy 613 BIATA PALHAILHO-OCCBRAN TYpouHa

ryp6okomnpeccopa tHna TKP-14, uccaenopammorn panee (5. Sppek-
THBHMA K. 1. A. €€ MPH HCHHTANHAK HA BO3AYXE HC NPCBHHIAA 0,65.
JJlas ero nopmurenust B npeALAyiielt paGoTe peROMCHAOR T0CH:

1) yseanunts AHAMCTPATLNLIC FAGAPHTIO YUTKY,

2) CMECTHTHL, B CTOPOIY  BPANCHIBL  HEPCTOPO LRI MeA Ty nhenun

) LGAOBHNAMYE COILTOBOTO anaapata,

J) ycrpannth 32CTONRHMC 30K B VARTKC,

4) HCMOAL3IOBATL AN CONMOBLIX JAOHATOK COBPCMCHHMC A3POUITHANMK-
YeCKHe ﬂp(\(t)".’lll. MO HYBCTBHTCALULIC K HIMCHCHHIO YT.1a aTaky,

5) yMeHLIWHTL YIAB aTaKH #1a BXOAC 1 patdonee koaecn, Jro voEnn
caenaTh, yMeubLuas yroa 2, H GAHOBPCMEHNO YBCAHYNDAH BHCOTY Con-
NOBKIX JOMATOK AAR COXPAHCHHA HEOHIMCHHOR APOHYCKHOI clOCOOHOCTR
TYpOHIH, -

6) yMeHbIINTL CTENEHbL PCAKTHBHOCTH MYTEM YBCAHUEHHN BIHXOZHOI
nAomIANH KOAeCaE,

7) nocTaBuTh NPOPHAHPOBAHHBI KOK JAAR JHKBHAZUHH BHC3RNHOIO
pacCIuHpCHH HAa BHIXOAE H3 KOJeca,

8) yBenHuuTh YroJ BHXOAZ MOTOKA M3 TypOuuu 2, w upuGAwuTH
BHXOA K OCEBOMY, B 0COGCHNOCTH B nepudepnAnof uactu,

9) yayqumIuTh 3a84HCTKY Pabounx KO.JICC MOCAC OTAHBKH, OCOGEHHO
OKOMO BHIXOAHKX KPOMOK, -

10) yseauduTh paananbiuift 3a30p MexAy CONIOBHM annapatos u
paGouHM KOACCOM,

11) nocTaBuTbL TEMIOH3OANINIO MCKAY TypOuHoft it Kopnycom noa-
WHNHHKOB AMA YMEHbLUICHIA TENJAOBHX NOTEPL B OX1aX AW0NULYI0 BOAY,

12) npumenuts APOPIAHPORANNYID TOPUOBYIO CTCHKY H COHAOBOM
aunapare, '

fosoaka TypOuub

HacTb 3THX PCKOMCHARIMA GRAS npopepena 3IKCNCPHMCHTAALHO NPH
padote TYPOHHH HA XOAOANOM BOIAYXE € HEPENnaIoM AanICHu{t pofp, =

+ 1,62. B neppoft cepun ncnurannft sppexrusnufi wovcnr, paspupac-
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M TYpOnnoy, SAIMCPS ey 10 OYKa0HCHHIO Kopnyca CKTPOTOPMO Iy
C PeayKropow, Buxtpewnmn womenr TYPOUHI onpeacasacs KaK Cywmmg
SPPeRTNINOIO Voven g WOMOMENTA TpenNS B noawmninkax, Mocaeuy;
HBIULCH HaNCpepe y MOMCHFA Tpewny IPH cneunaabnod NpokpyTke Ban,
C I'pysosm pyMeeTo Koaeca 1y plunyg. ' )

Fhpic vaanx BuCeoax aonarok, HCTIBITaHN® KOTOpuHX nipeactonay
B A2anneinew, BUNTPCHIAS woumocTh TYPOHII noaxina Gmwaa cyuie-
CTHCHNO CUHINT o g W OONEL COMave puMoil ¢ MOILHOCTLIO TPCHHA B mop-
WHUHIKAX, 4T0 yvpewynto 6N morpemnocte nasmepennii,

Mostouy XOAOWI vacTh Ty pOung Orna PCKONCTPYNpOBaUA pay
HIMEPenn nnenocpe iergenno BHY IpCHIlCTO MoMeHTa. .
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@ur. 1. Cxema IKCHEPHMEHTAN bHON TYpOnuu

I = nozwwnnyk, 2 — rubune wenw, y — Puivar, ¢ - rencpatop 18 xem, § - Peiyxtrop, 6 ~ nianaouan
BTYAXS, 7 — onopa, & TOtUIHNKKK, ¢ . pecunep, 0 - comronan peumerxs, 77 — IMenwmomeTprueckn npubop,
12 — pabouee xoreco, /3 - BHXNEMON naTpyBon, 74 . HENORNMMHIR wox, /5 .- A3T'4HK oboporon,

Cxoap3sue nopwmnnmmia TYPOHHW ¢ NAaBaomHMN  BTyAKaMY 6
YCTaHOBACHW B OT1eALHYId Onopy 7, KOTOpas Mor.aa NOKaYHBATLCH Ha
UWIAPHKOBOM noawHnHHKke 8 OTHOCHTEABHO OCH Bpauicuna. Onopa 7
KeCTKo cpailana yepes kopnyc pPeaykropa 5 ¢ Kopnycowm renepatopa 4,
XBOCTOBAA 4acCTh KOTOporo ycrawosaena ug 1UAPHKOBOM noxwHNHUKe |
Takuwm 06pa3om, onopa NOHIHHKOB TypGiniy, Kopuyc PeaykTopa
H TCHCPATOP MOFAH NOKauMBATLCR Ha ABYX Wapnkosmx noRwmmnkax,
NTO MO3BOARAO HIMEPHTD PCIKTHDBHBIL KDY TRUMNA MOMEHT Ha nux, pas-
Huft BHYTpeHHeMy moMmcuTy TYPOUHB. YcCuane or KpyTaIero mowmenra
Yepe3 puuar 3 JaMEepANOCH Ha unpepb6aatTimx Becax,

Peayabratw OBOXKH TypGitnn fpcacravenn 8 Taanye,
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] Hexonaw typbuua . - . - o 0457 27.2 1H,5 0,643 0,7
DO HoRRNM conTonky anuapas )
T0M e e e 0.278 15 16,5 0,72 0.7%
3 C Topon1aaLnLy pecHiepod .
H KOKOM . . ... 0,278 15 15,5 0,76 0,8¢%
4 | Yaeusnteno at .. . ] 0007 13 16,5 - 0,813
O] Ysennuiena Rucora conanne ]
AOUATOK . o .« o o - & 0,257 13,5 10,5 - 0,83
t | C npodmanposannoh crennoit
conavnore anmapata . . . .| 0,257 14,8 0.6 0 - l 0,87
i

3a ucxoanuft Bapuant (1) 6wna mamta TYPOHIIA Tvpbaromnpeccopa
TKP-14 ¢ anametpoM paGoucro koaeca d, - 10 My 6Ct KIKHX-AHGO
nepenenok. B typOune ¢ HoBHNM CONTOANNM annapaToN (2) cyuiecTreno
yMEHBUIEH YToa @, YTOGW na BXojAC B pafhouee KOALCO HA PEXUME
MAKCHMEALHOTO K. M. A. OHAKH 1100 THIUHE HOAOKUTEILINE VITH aTaKH.

IR \\\\\\@
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®ur. 2. Cxema npotosnoit yacrti TypOunn npyu pajux
BHCOTAX J0NATOK.

Bucota JonaTok paGodero KoJ€Ca OCTanasach HEHIMEHHON. 1o mpu-
BenO K CylUlecTBeHIUOMY )’M(‘llblll(‘HlHO crenenit peakvHBHOCTH H pacxo;m
RO3AYXa 4epe3 TypOHiy, & TAKXe YBCAWWILTO Yroa .. [Tpoduas, Henodb-
30BaNHLI ANR  COMIORLX Jonatok, nokazan wa dmr. 2 Bee onatkn
HMEAH OQUHAKODHI Yroa BXOfa, MO3ITOMY foloniita Wi mnx paGoraia
¢ Goabtimi  yraamin atakn (Ao 607). Tem pe mewee  1annas  apepe-
AeJiKa MOBLICHAA BHYTpeiintt K. n. 1 TypOunul ma 8%

Mpu caeaywouelt nepencake  TypoIIb (3) yanika 6112 3aMenena
TOPOHAAILHLIM  PECHBCPOM  YBCAHUCHIOTO  1HAMETPA. Ha nwuxoae ua
paGoucro xojgeca Oul1 RNOCTARICH  BMCCTO  hOKA HemoABIOKIII OBTEKA-
Tenb, UTO NO3IBOANIO .mxmmnponml,' pHezannoe  paciiipeHne NOTOKAa.
3TH yAYUILICHHA NOBWCHML BIYTPCHUNIL K. 1. 1. 1yp6unud na 5%.
~ PewHan eme 1eCKOIbKO YMEHBUINTL yroa ey BYTEM HIMCHCHHA yraa
ycranosky conaontix aonatox. Ho 3o 0KAYAT0CH  OUrbOUNLIM i npn-
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BEIO K CHIGECHIIO K. i 1 tvphwnd apuvepio wa 2,5%. B aatwnefimey
(PN ORMTAN € MCILIE wrcoToit omarog it ¢ npopianposanioi crey.
KOG} 300T NTOd OB\ ReAacsy

Hpie CACAYIONICH HePeeart Ty pounn (1) Y MCHLIHAK BLCOTY COMIO-
MIY 1 pAaloURX Jonator, npe Ton COXPAHNAY ¢oOoTHOWCHIC naowma-
ACE, HOPMA TR flotory i Bt pa0odee KOJACCO it BBIXOAC W3
HEPO, N MOHBINCHIC BRCCTR I0BATOL DPURCAO K Y MCHLUICHIIO KPHURIHL
Tnpunlmi’l CIUHLI, Cpe (el o ane i pl 13 BUXO1C W3 KoJaeca i K ype-
AWACHID CPUINCTO viaa 3,

IO HOBHMCIIO K. 11 TvpSwie na 15%.

Tlpu nocacedi nqu ane (0} veaeco rypOunsl octasiy 6¢3 H3Me-
HEHHYM, @ B COWTOBOM anbiapirTe Oy 13 TOPHOBHX CTCHOK 3aMCcupan
HAa  HPOPHANPORANIUY K B COOTRCTCTMINE ¢ pekoMet v MIH (2]
[Mpoduar ce nokasan ua duir. 26, o aannuive M3IT upotbn.mponmman
CTCHKA yMCHbIAEYT poTepn r countononm annapate ¢ H1% go 2,5%.
ITHUM, OUCBHANO, HE OTPAHHYHBACTCS BIIHIHE NPOPHIHPOBANKON CTEHKN,
Ona 1akKe A014H3 yIVHIUHTE PAaBHOMEPHOCTL 1I0TOKA Ha BXOJC B KO-
Aeco, 0CO6CHHO OKOI0 TOPHOBUX CFPCHOK H, CAGAOBATE.ILHO, CHH3UTH
notepu B paboucn koaece. [MostoMy K. n A, TYpOGHHBL AOAKCH HOBH-
CHTLCR B GOAvmeR CTeleHn, HeM 370 06ycnoBaIHBacTCs CHIDKCNHEM
noreps B conaosoM annapate. B ouawmeft 1ypOunNe K. 0. 1. NOBHCHACH
na 4%.

Ha ¢ur. 3 nokazaum xapaktepueTHKH TYPOHIK ¢ WPOGHAHPOBAUHORN
crenkofl. Jlir cpasnenust nyusTHPOM 1aHK XAPAKTEPUCTHRH C HAOCKOR
cTeHkoft npn Toll ke Rwcote Jgonator. Tlpn ucGoabiioMm  HamencHim

[ ] [ OLO

03

B3 8

SO
Pty

63| ]
Q2 ,
“02 @3 Qg+ a5 06 07 Q8

dur. 3. Xapaktepuciuka 1ypbunnt ¢ upoduanponamnoli  Topuosok
crennofl couzonore annapara,

M—
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OTHOICHIA ,'lilll.'l('ll"lvl HUOHMHHI Ko T U B CHenoint peih i o T ipak-
THYCCKH ne Metstnet, TTpod it pomuinias Cregea nprset ® 3aMeTHONY
VRCTHUCIHHIO piRe 1010 pACXutd Hepes TVRGUIL, hu «;gt,_viCliﬂCT':.ﬂ
}li('.lt|'l(‘l|lt(‘\| Vian 7, N k'_)'”!ﬂl'”ll”(‘!!!ll [ R IR N COILIONOTO nnnapmn.
Hesmaupieanno yaedcmuiich THOKEC CTenedn prakKTiinioct. '+ R
Takuw o6pa o, B PeVALIATE AOBCIEN TYPOINE KoL . yaaaoch
HOmACH L Ba Y wo0secT 1o 87% 0 veeMoTpt #a #eO0ABIING pay-
svepu TY ponin. Ho cavavet nvern nositly, 1o 3TH PeIvILbTaT noty-
HCHE B 3KCUCPRMOITATLHON Maurgne, (opyui praitnepa u BHIXA01NOTO
NATPYOKA KOTOPONH MALI0 NPHFOAHEL T PR THYCCROTD #ICNOALIoBANNA.

Hccacnropatine BAHAHUR BHICOTH 10NATOK

Ysennisenyie BHCOTH JOHATOK B OCCnWX TYpOItHAX OPHBOANT, KAK
NPaBHAO, K CHILKCHIIO K. 1. U 3TO  CBS3ano € YBCIHHCHHCM 1001
KONUCBHX NOTCPL H HOTCPH HA YTCUKY B PruieTkAX T1ypSine. B wu3sc-
CTHOR HaM JHTCPATYPC HO HCCACIOBANMIO pPAIHAALHO-OCCBBIX TYpodun
OYCHL MAA0 Pa6oT, NOCBANCHIWX 3TOMY BOlpocy. Hanectna pa6ora jlif,
B KOTOPORM NPHOAMKCHHO PACCMATPHBACTCH BAHSINMC BHCOTH J0MATOK
Ha 3PPCKTHBIOCTEL CONAOBHX PeMCTOK paanaanniax 1yp6uw. B paore [3]
OUCHHBAIOTCH KONIEBHE HOTEPH B COILTOBMX PEIIETKAX HA OCHOBE
teopiu pazmepnoctell. Bonpoc o BIMANHI BLCOTH J0UATOK paGowero
-Koa€ca Ha paboTy TypGHUL COBCPWICHIIO HE HIVHCH, OTCYTCTBYIOT pe-
KOMEHAANHN (10 YUCTY BINANMI BHCOTH AONATOK HPH pacueTe pajiHaabio-
OCeBHIX TypOHH.

C neapto OUCHKH BIISIHIN BHCOTH TOHATOK Ha & 1. 1 3IKCHEPHMCN-
TanbHBE PAGOTH A PRLAHAILIO-0CCHOR Ty Phne GLLm 1potOTKCIT.

HenwTanust uposonanct npin qetupey sucotias aomrtok. Otuocu-
TeAbHAH BHCOTA JOHATOKR (OTHOICHIC BUCOTIE KOOABHCROFO  KIHLIA 161

- . -
BXOAC B KOJCCO K 1HameTpy crob [, —i-f piunsinacy, 0,118, 0,075, 0,050
h

it 0,0286. VycubLILeHHe BHICOTU JORATOK JOCTHILI0CH NYTEM MOIPE3KN.
lMpotounast uacTy TYPOHHW NPH MAKCHMATHLHOR KHICOTE JAONATOK HA
dur. 2a nokasana cuaoumpyy Annsivn. Ctenk puxomioro natpy6ka
NMPH MEHLUINX BLICOTAN AaHLl MYHKTHPHBIMH JHHUAMIL Topuosuf 3a30p
MEXAY A0ONATKAMH PAaBodero KOAeCa W KOPNYCOM NpH BCex HCMLITARHAX
pasusacs npumepuo 0.5 su.

McnnTanua NPOBOAMAHCL NMPH TPEX OTHOWEHHSX 1ABACHHA po/p,
| paBuux 1,48, 1,35 u 1,24

Ha ¢ur. 4 npusenens 3aBHCHMOCTH BHYTpPEHHEro K. K. X. TYpOHHH
W OT u,/c,, MPH PasuBIX BHCOTax AonaTok. llpakrideckw k. m. A. We

33BHCEA OT OTHOWEHHN NABACHHA npH BCEX UCTHIPEX OTHOCHTEALHLIX
BHCOTaX nonatok. OnTuMaasuoe otnouiense uy/c, coctasanno 0,62—-0,7.

Bce xpHBHE HMCAH BHA, OOGHUHHA A4 PAAUAARHO-OCEBHX TypOHH.
MakcuManLHLIE K. N L. NPH 3THX HCHBTAHUAX H3MCHAICA B mpCac-
aax 0,83 -0,71.
1 "~ Ha ¢ur. 5 noxkasanu 3aBHCHMOCTH OT &,/c,, PacnpeicraeHus woTepL
B Typ6uHe npu pasuux BHCOTAX J10M3TOK.
U3 rpagukos caeayer, Yto 104R nOTepy B CONJOBHX annapatax
yMENBIWAAACh C YBCJIHYEHNEM I, €., YTO CBA3AHO C yMeHbWIEHHEN Ten-

AOBOro mepenajia B COMAAX H3-33 YBEJAHYEHHH CTeNeHH PCAKTHBHOCTH
Typ6mn,|. pH yMecHblIEHHH BHCOTH AONATOK NOTEpH B COM.10BOW alfna-
4T€ YBEAHUHBAANCHL BCAEACTBHC Bo3pacrTahnsa 10.1H KOMIEBHX NOTCP.
O]9 AHCKOBLIX 1OTEPHL BO3PACTAA3 C yMenblgelHeM BLICOTH AORATOK
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PO APYN- HPHUIHAM: BO-nepBuY,
N3-38  yuCHLINCHHY  pacxoaa
BO31YX4 Yepes 1ypOuny, mo-
WTOPHIX, B CBYU3N C yneIRUCHN-
€M’ MoBepxHOCTH Tpenust wa
BLXOANON cTCuKL.

Kan suano w3 rpaukos,
noTepn b ‘padouen  koaece ¢
VUCTOM  yTCHCK weped TOopio-
Bl 3(13()[) \lL‘H\',’ly KOJACCOUM #o
KOPDIYCOM 1P BCUX WHCUTAX
AUNATOR  MHHHMATBHI  HpH
w.'c,, =~ 0,65--0,7.
© s otnocuTeabnoi  muco-
TR onatok {, = 0,075 Ouna
IPOUIBEACH PacUeT CKOPOCT-
Horo Kosdupunuenta  paGosero
koaeca 9. Makcumaanuufi cgo-
POCTHOR  KO3pDHIHCHT pado-
yero roaeca pasuuit 0,78 6unin
HOJIYUCH 0PH NOAOKHTCALHOM
yrae artaku i~ 30°. 3vo noa-
TBOPDHKIAACT H3BECTHHA panec
Part|7], uto ckopoctroll ko3p-
Mintent $ obuano pocturact
MARCHMYMI PR HOJOKHTCAL- .
HWx VEAAX  atarim. Munnsaan- ’
HHE HOTePH B KOACCC ¢ HIMC-
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HCHIUM NBICUTH JORATOK f1oay- 4
, tenn npu /2 0,05 0 cocrann- :
" M OK030 0% o1 obiero ten-
' Aonoro  uepenaaa. Ha nepowit
| B3 KAKETCH, YTO npu 60.1b-
MOR BHCOTE N0HATOK NOTEPH 8
padoucm Koaece JA0MKHH OWTD
HAHMEHBIIHMH TAK KaK C yBe- .
‘ dur. 4. 3aBHCHMOCTD BHYTPeHNEro K. 1. 2. TyP-  JHUEHHEM BHCOTH JIONATOK A0-
. Omum 01 wylc,, NpHPaIHLX BUCOTAX AOMATOK g KONIEBHX 1IOTEPh B CyM-
(A —pg/pa=148, O—pyipy= MAapHHX IHOTEPHX YMCHLILIAETCH,
= 135, O —py/ps=1.24) Harwune  ourumyma  Moxmo
OOBRCHHTL NPOTHBONOAONKHBIM
BIHAHHCM 113 CYMM3pHHE foTe-
Pil B KOACCC KOHUEBHX NOTCPL, ¢ OANON CTOPOHM, M HOTEPL HA Ho-
BOPOT NOTOKA, ¢ aApyroft (HOBOPOT HOTOKA UPOHCXOUHT KaKk B mepu-
AHOHAABLHON IIQCKOCTH, TAK H B OKPYKHOM wanpasaenuy). Kak unasecr-
HO, NOTEPH HA MOBOPOT NHOTUKZ YMEHLINAWOTCH HPH YBCAHYCHHH NAay-
MHOCTH 1OBOPOTA, T. €. C YMCHLIICHHCM OTHOUICHHR FHAPIBAHYECKOTO
AHAMETPpY K Cpenuemy paauycy novopota. 1103TOMY nNpH MaAMX BH-
COTax n0NATOK HOTEPH U3 AOBOPOT HOTOK) CHHIKIIOTCH. Cymmapuue
NOTepH BCACACTBHE 3TOTO HMCIOT HCKOTOPWI MMHMMYM, B ZaNHOM cay-
uae npu I, =~ 0,05. : ‘
Ha ¢uir. 6 npuseacust sapucuyocti 0t o1nocnTeapnof DHCOTH Jdona-
TOK, paCiipeAeAeHHN HOTCPL, CTCHCHH PCAKTHBHOCTH p H OTHOLICHIA upuve-
} ACHHOTO PACXOA2 K OTHOCHTEALHOR BLLOTC AVNATOK NpH u,/e,, = 0,65,

)
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dur, 6. Xapakrepuctinka Typbuns o
33BHCHMOCTH OT BHCOTI AONATOH,
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Bausnnie 10pHOBOIo 3a3opa na K. n. A TypOun

. \ W Topionoio a30pa, T.oe. 3a30pa MeKay aouar-
K"“l“‘n?)?::’::,i(-(;.,u‘:“r‘:f::‘:x l" popnoeov, 03 p.’l()’)T}' PAINAIBHG-OTRR o
1)pf:um.trn"»":t;;l‘:t‘:-;::wpw ” ,(’,, ,'; v, £ii30 HCCACAOBARO B paGOTg
o ’!'N‘i, .f,,’::.x‘u)u«'vuia [1}.’ H'_'..W,'l"l:H!Hif’ npouonmosb I;‘aﬁ I:OS,I}"OUJIllé(c)g
Py pfine MeTOJ0M BOLPCSER .1’uu.‘m;v\‘ »vpu)(;ucl'o K(?.’ICU). ‘ at 01::::;‘]’\ A
HMEH0  HCPEABALIE BXOU (3, < 90). PeayabTatu mna'n.

38K, YTO HAMCHCHHC BXO,AHOIC 0CCROTO 3330Pa B WIHPOKHX n‘gcﬁeaz:
(6€3 MIMCHCHHR  BHXOIHOI0  PAIHAALNOIO  3330Pa) NPIKTHUCCK d
BAMNCT HA K. 1. 1. Typoiunn. (Yguoppeseniioe yBeanueuue acelro"rso’;,)
HOBOTO 3a3opa Ha 1% npHBOARIO K CHIKCHWIO K. T A wa 11— ."“o';

B pa6ore I'. Ul. PosenGepra [7] crixenne k. fi. A. npy yseanue

TOPHOBOTO 3330pa OUCHHBACTCH MO 3IMuupHyeckoft dopuyae

L)
‘l,r.t "l(.c”)(l -— 1,3 "";""") .
p

e b cpeqin BN TOPIOBOTO 3130Pa,
lep - CPOIMSIL BIICOT 1OMAT 11,

Houwrka 1eoperieckoro onpe.teacuns HOTCPL B TORNOBOM 3330pe
HuMeetos B paGote Baantewasu |S] Hpn ssoae nr',l.‘lill‘&l(‘\i()ﬁ dopmyam
GHAO CACHIHO HECKOALKO TPy G aonyviensit. Haupunuep, cunrasocs,
UTO BOH IJHCPINA  AHIKOCTH, HEPCTCKNOMCH Mepes  roproswii 3430p
B COCEHNR Kaua, spanc1cs #orepsbnofl. Incnepumentaanio dopmyaa
HC HPOBCPHIACE,

KOTOPUSt PA3HOPCYIBOCTL Pe3Y.I6TATOB FOBOPHT © BAMAHHH KOH~
CTPYKUHH PabuvHX KOJCC HA BEAMMHHY HOTEPb OT 3asopos.

Ilas HAKONACHUA ONBTHRX JAHHWX GHAH HCHBTAHK TYPOHHH € pa3-
AHYHNMH  TOPUOBHMHI 3330pawu.  Banawue 3330pa nposepraocs npu
OTHOCHTEILHOR BHCOTE AonaTOK {, == (,075. ¢

Hamenchune Topuosoro 3aiopa noctHralocs NMOAPE3KOR  AODATONK
pabouero xoaeca. Bmuawase nupoBoAMINCH HCHWMTAMHA C HIMEHEHHEM
BXOJHOTO TOPUOBOIO 3a3opa 3, (dur. 7). floapeska pabouero koaeca
OCYUIEeCTBARAACL N0 TOMY ¢ walAOMY, B0 KOTOPOMY OWAO W3rOTOB-
ACHO KONECO, O6ECNeYHBAIOLICE MHIIMA BRI 3a3op ¢ kopnycom. [lpu
STOM BHIXOAHON pagHaAbnbif 3830p & OCTaBaACH NOCTOAHNWM. OTHOCH-

TEALHAA CIO BEAHUHHA 8y = -;" - 0,03. '

2
Bropas yacts wenmrannft Gumaa 1PoBCAEHY € HOCTORUMBHM MAIKCH-
ManblLIM  3330poM 8 M nepemeunnm 8. OTHOCHTeAbHAR BCAHYKHA
s, m-"- npn stom 0,39. Msmepenua HOKA3LiBAOT, YTO NOPH MHHHMAAL-
1
HEIX 3330pax, paciupeieaenie  AapAcHiIN N0 Wary couaoBoro annapara
Ha 00eHX CTeHKEX OO OGWYHLIM (T. €. Waeacs MHHHMYM  AaBAaCHilA
B KPOMOUHOM CACAE COMIOBOR NONATKR H MAKCHMYM, COOTBCTCTRBYIOUHA
HEHTPY CONA0OBOIO Kanana). C yBeaHUCHHEM 3a30pa Xapakrep pacupe-
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00 S Ha BB O LHONL, CTOHRC HIMCHNLICH! AABACHHUT BLIDIN.
ARIAOCE 114 L IESpecOpiaBa iR, 1 paitone 3230p4. Cpeanee aapacine
4A HOUHY Liiiea) 010 1PARTHUSCKI OANUAKOBO.

Tpapepeuponamie joTeKRa N PHXOAR K3 TYypOuit #OK33AA0, 470
£ Y BCAHTCRIE AL $30PD BULOOI yroa notora 3, W UPUBEACHNAN B
KON CEOPOT TL ). PEIKD BO3PACTAIH g pafionc .3330pi. dta 00buc-
HACTOH e, o POy e ucpadiepii € yBCAHUERNCM 3130pa B MCHbL-
el CTOHEE O b T eBoin HUCPIRI0 J0MATKAM patotero kKoaccad.

Pla . 7 onpureaeit AAPALTUPNCTIKY Ty pORHEL IPH PABHMX TOPUO:
BEAX BA30PUN. 3EBICHMOCTD VAKCHMATLHATO K. Il A, OT. HIMCHCIIA

agaopa By OKAIACH Aefiinit, ¥ BeIMeRe  0THOCHTCALHOTO Ja3opa b,

e N . &‘% . -

Ha 3%, UpHBEIO K OTHOCHIEABIONY ckenio K. 1. 1. = wa 12,7%.
n

Hpn 310M KOoshuIment FRXOANDX noteps 5, poapoc € 0,045 100,07

(upi wy/c, = O60) Karn wuano na rpadmka, BHXOAHNC 1OTEpH NPH
Maaux uy'c,, (0k0ao N.4) ¢ veeanuenueM da3Npa NPAKTHUCCKI HE HIMe-
HRAHCL, 4

by

Tlpu yseawuenun 3330p3 9 K. 1. A. W namaa mo K usoannefino
sapucnMoCTiL [Ipn 3TOM BOIPACTIAN pHXOAnbe notepy. [lostomy Kpu-
BLC H3IMEHCHHI BUYTpCHuero K. 1. . 7 0 JATOPMOKRCHUKX napaMeTpax

OKa3axNCH Goact noaOrHMi, MCM TAKHE Ke KpHAWC ang v, .

i
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R - ie
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0 al

daur. 8. 3appcunocts k. M. A, Typbunm o7 CPCANETD OTHOCHTTABHOTO
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LORHCHMGOTE. BUVTReRERTo KO TR S 01 «"p(',nacrn DTIOCHTCABEOTO
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A o 0 et poonrmeny VOCTORHOTO O Ko e St PR OrCY TCTRIN 3a30ph
Yo o BTG Bapmanwocrh M 0T 4 O UHIRCTOSE YPABHCHINO

n, = 0,876 -- 1,007

HIH

:'i "h'"marn) = (l — 1»2"3‘1

Ha ¢ur. 8 nocTpocna 3aBHCHMOCTL % OT 3. 3acct Ke BYHKTHPHORN
Annnefi aana apnatorwiuas sapucavocts no Tl Posenbepry [6]-

Kak Buano u3d rpadikd, KPHBLIC HMCIOT OIHAKouKi xapakrep, HO
APOTHAXCHHOCTS MY HPSEMOIMICHNOLO YUACTEY DIy IIHHa T 1o Poyenbepry-

10 & < 0,04, no namuy aannus o 8 <207,

310 HECOOTBCTCTRHC PEIYALTATOR OO BICHHCTC TEM, 4TO HAWA TYp-
6uHa umeaa Godace Bucokuft k. n. A. [To-pHamvomy, I'pH YBCAHYCHHH
TOPUOROrO 3330pa K. M. . TYPOHHH yMCHLIIACTCR N0 HEKOTOPOR MHHHK-
MaABHOMl BeAHusi, a 3aTeM ero niMmcncne npekpauiieres. Kpowe
TOr0, CKA32J40Ch, KOHCUHO, M PA3AHYHC B KOHCTPYKOMI TYPOHK.

BoiBOAL

Hcenutanue painaanuo-ocenoft TypOunn ¢ panmetisivi  BHCOTAMK
AOMATOK MOKA3ATH, MTO K. [ 1. YHETICHIHACTEY 10 NeKOTOPOf ipeieias-

HOM BHCOTH aomatok (p Hamieil Typbune [, ==1,073). 32 cueT ypeanuc-

“HHA KPHBH3INHW TOpllHl)Oﬁ CTEHKH, KOTODPaN BH3INBACT )’H(Y.’H{"IQHH(‘, nOTCPL

Ha MOBOPOT MOTOKA, NPH AaabuefilicM YBEAWUCHHH BHCOTH A0NATOK
MOXET HAMATBLCA HeGoabuioe cuumenne k. 1 . Cuikenne . M. A
NPH MaABIX DHCOTAX J0NATOK MOAYYACTCA, B OCHOBHOM, 33 CHET yBeAH-
qeHHs AHCKOBHX NOTEPL H NOTEPb B cOmIax. [1pi yMCHBIICHIUH 1,¢0,118
a0 0,0286 nuckonwe moTepn BO3pocam ¢ 2 10 9%, a noTepw B con-
AoBOM annapate — ¢ 2,2 o’ 5%. Tlorepu B paboucy koaece Mun-
maabue npu I, = 0,05.

Mpoduanposannan TOPUOBAS CTEHKA COMNAOBOTO Aanmaparta jraia npu-
pPOCT K. M. . Ha 4%.

Takum 06pa3oM, B Pe3ynbTate YAVUHICHHA NPOTOUHOM wacvu TVp-
6unu K. 0. a. nosucuaca ¢ 0,71 apo 0,87.

MMoTepu, RH3BAHHHE TOPUOBHM 3230POM MCK]1y JAOMATKAMH paGouero
Koacca M KOpHycoMm, B PalHaALHO-OCCBLIX Typ(HHAX COCTABARIOT 1—1,59
HA K3aXAWA NPOUEHT YBCIHUCHHS OTHOCHTEILHOTO 3330pd, 4TO 3Hauk-
TeABHO HMKE, UCM TAKHE XE MOTCPH B OCEBWX TypOuuax ¢ paGotuMH
nonaTkamn Gea G6amnaxeft (1,4—2,8% noTtepr Ha kaxawf opoment pa-
AMAABLHOTO 3a30pa). YBeaxucHue TOPUOBOTO 3330pd NPHBOAHT K RO3-
PaCTaHHI0 HHXOANHX noTepb. Bnpotucw, mpH Maanx u,/c,, BHXOANHC
MOTEPH BO3PACTAIOT Mence nutencuruo. C yBEAHUEHHCM TOPHOBOrO
3230pa YBCAHUMBAETCA HCPABIOMEPUOCTL MOTOKA HA BHXOJC H3 Koacca.
Mpn xonctpynpopanitit TYpOHHW ¢ GOABMNM TOPUOBHM 3230pOM HAAO
YYHTHBATH BO3MOKHOCTH YBCAHYCHUA YTra &;.
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NPHAOMEHHE AOTAPHOMHUFECKY-HOPAANLHOIO
PACHPEJENENHSE K PACYUETAM H HCOLITAHHSIM
YCTAJNOCTHON AOATOBEMHOCTH

X. 5. KOPIOHCKHH, B. E. KOPCAKOB, 10. M. TAPAMONOR

B wactosuiee ppems cuntacves obuenpuanamiofi cayuafinocTs npo-
necca ycraaoctHoro paapyvueuns. Cayuaftupre voaebanns  veTat0cTHOR
AOATOBCYHOCTH BOJJHKAIT 101 BAHAHHCM PAAA UPHUHH, H3 KOTOPHX
onpeaeasiowlefi ABINIOTCH BHYTPCHHHC HAIMCHCHIN, IPONCXOINIIHE B Me- |
Tanne NpH MCPCMEHHHX HAMPAKCHHAX NO 3AKOIINM CAVYATHHX HPOIECCCOB. ‘

B pa6otax [1], [2] noxazano, uro aorapupsnuecyn nopmasnoe pac- ‘
NPCACICHHE YCTAAOCTHOM JIOITORCHHCCTH MOACT GRTL C VOCHEXON HCNOAL-
JOBAHO A8 Of)pﬂﬁOTl\'H ONBITHRIX LA . 0,'1l|:|l\‘() HPLTIOACHIEC ITOTO
3aK0oHa pa(‘np(‘n(‘.’r(‘mm K HCCTC UHintio Yerasocriodt J{oropeyyocTi
: 0CTAAOCH HEBLIACHEHIINM,

Hakonaeune yCTatocTu MOKnO paccMaTpuBath KIK 4actuil cayuaf ‘
[ HAKOMJACHHST H3NOCA, KOUAA HMCCT MeCto Vitpodiene,  Crashipamoieecy !

B IIOCTENEHIOM YMCHBIUEHHN CKOpOCTH Hinoca. '

- Haanuue ynpounenus nmeer npsvoe HoATBOPK.(CHIC B BHAC H3MC--
HEeHHA MEeTAH reCTEPe3HCa Npi mepexoe o1 1HKIa k kv, Kposme toro,
HMEETCHA H KOCBCHHOE J0KA3aTeAbCTRO, 3AKJAI0UAIOINCECH B UAIHYHN AR-
ACHHA TPEHHPOBKH, KOTOPOE COCTOHT BO B3AMMIOM BIHHHIN  ypOBHCI
Ha8rpyXeHus Ha CYMMapHyio A0ATOBEYHOCTSH [3]. I 1o BanANKe Ha foarorecy-
HOCTb NOCNEAOBATEABHOCTH TIPHAOKCHHSA BCAHYHH HATPY3KH BHABAEHO
KaKk OTEYeCTBEHHWIMN, TaK it 3apybexummn yaenwsn [4]|5] [6], [7), 18],
[9]. npuuem ycranopaeno, 4TO YBEAMUCHHC A0ATORCUHOCTH AOCTHRACTCN
KaK TPCHHPOBKOM HEKOTOPHM YHCAOM HHKIOBD HHIKOIO HANPHAKEHUR, TAK
H MPHAOXKEHHEM BECHMA MAJOr0 YHCAA BHCOKHX HArPylok.

npowenuoe ¢usnueckoe O06BACHEHHE BOIMOAHOCTH TPEHHPOBKH
MOXET OHTL NaHO B NMPEANOAOKEHHH O HAAHYHW Ynpouucuus. [Tpn nus-
KHX HAMPAXKEHHAX YNPOUHEHHE HAET MemseHHce, YeM npu Goabnimx ua-
rpy3kax, HO GuHCTpee, Y€M HAKOMAECHHE YCTAT0CTHRX nospexacuuft. IMo-
3TOMY TPEHHPOBKA HEGOALILHM YHCAOM MaALX NATPY30K olecneunpact
CYWECTBEHIOE YIPOUHEHHE NPH OTHOCHTC.IBIO HCGOALIIOM YCTAaAOCTHOM
NOBpeKACHKHH. IJTO ynpouHeHue BHIOAHO NPH NEPCXOAE OT Maxoft na-
FPyski K GOoabwoOfl, Tak Kak MeTaan yxe Cymecrsenno ynpoumew, a
BEAHYNHEA YCTANOCTHOTO MOBPEXKAEHHA MAda,

Heficteie 1e60abu10T0 yucaa 60AbHINX Harpy3ok o6LACHACTCR OTBE- L
valoweh M pechMa 60.3buI0R CKOPOCTHIO ynpOUulCHNS. [pu nipnaowensi

1) Han6oanee uon&oGuoc HINOKEHIIE OTHOCAULHXCA CIOA1 BOHPOCON COACPKITCA B AO-
xaane Kopaonckoro X. §. ,Pacwer n ncnwranne ycraaoctnod avaronewnocrn®, 4-h Bee-
CO3N. Mateu. cwedn, J1., 1961,
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